Studies of the distribution of mating success among males in frog choruses typically seek to identify speci¢c phenotypic attributes that confer a higher mating success on certain individual males. These attributes invariably relate to competition among males: either direct competition in the form of aggression, or competition to attract and be chosen by females. In this paper, we present evidence that an additional factor may operate in frog choruses. We show that individual males who mate on a given night enjoy a higher probability of being successful on the next night, and we suggest that this is because successful mating enables males to conserve energy.
INTRODUCTION
Over the past 15 years, dense breeding aggregations of frogs and toads have been the focus of studies aimed at identifying the determinants of male mating success and the likely consequences in terms of sexual selection. These studies have revealed that although certain phenotypic attributes of males, such as their call repetition rate (e.g. Sullivan 1983; Passmore et al. 1992) and duration (e.g. Arak 1983 ; Klump & Gerhardt 1987) , have a signi¢cant in£uence on male mating success, the most important factor is attendance at the breeding site. In all studies where the appropriate data have been collected, male mating success increases as a function of chorus tenure Dyson et al. 1992; Murphy 1994; Bertram et al. 1996) and, in most species, chorus tenure explains more of the variance in male mating success than any other variable (Arak 1983; Jacobson 1985; Sullivan & Hinshaw 1992; Murphy 1994) . However, among species with prolonged breeding seasons, chorus tenure by individual males is often abbreviated and males are present for only a small percentage of the total nights of the breeding season (Godwin & Roble 1983; Jacobson 1985; Dyson et al. 1992; Murphy 1994 ). This suggests that there are substantial costs associated with chorus attendance and that males face a trade-o¡ between these costs and the bene¢ts of prolonged attendance. Increased energy expenditure appears to represent the most signi¢cant cost to males because calling frogs expend energy at a rate 6^21 times that of non-calling individuals (Prestwich 1994) . Several studies have documented a substantial decline in male body condition or weight over the breeding season (Wells 1978; Robertson 1986; Tejedo 1992; Cherry 1993) , and in some species total weight loss over the course of the season (Wells 1978) or weight loss as a proportion of initial weight (Tejedo 1992 ) is correlated with chorus tenure. Studies have also shown that calling males deplete their energy reserves both within nights and across the breeding season (McNally 1981; Lemckert & Shine 1993; Schwartz et al. 1995; Wells et al. 1995; Bevier 1997) . In addition, the fact that females prefer calls with properties that involve high energy expenditure (e.g. longer calls (Arak 1983; Klump & Gerhardt 1987 ) or higher call rates (Sullivan 1983; Passmore et al. 1992) ) means that competition among males for mates forces them to expend energy at rates incompatible with calling on many nights.
All this suggests that a male's ability to attend a chorus depends critically on his condition or state at the start of the breeding season and on environmental factors that in£uence condition (positively or negatively) over time. Theoretical work using dynamic programming techniques has shown that individuals can vary widely in their behavioural strategies as a consequence of quite small di¡erences in state and the way in which this in£uences their response to stochastic environmental events (Houston & McNamara 1988; Houston et al. 1988; McNamara & Houston 1996) . It seems likely that male chorus tenure is determined by just this kind of dynamic interplay between energy levels and unpredictable environmental e¡ects (e.g. climatic variation, number of other males present in the chorus on a given night, female arrival time at the chorus). Consequently, a full understanding of the manner in which chorus attendance in£uences male mating success requires a focus on the activities of individual males over time, rather than an overall assessment of attendance patterns and chorus tenure. In this paper, we present data from a population of African painted reed frogs (Hyperolius marmoratus) in which individual chorus tenure was monitored continuously over the course of an entire breeding season (167 nights). To our knowledge, our study is unique in two respects, as there appear to have been no other attempts to monitor a chorus over such an extended breeding season, nor to follow the attendance patterns and success rates of known individuals of an entire population. A previous study on a large natural population of H. marmoratus (1093 males) indicated that, like other frogs with extended breeding seasons, male chorus tenure was typically abbreviated, and that male mating success was primarily in£uenced by the number of nights a male was present at the breeding site (Dyson et al. 1992) , with male calling rate being a secondary factor . We therefore use data from the present study to investigate patterns of chorus attendance on an individual basis, and attempt to identify the factors that may a¡ect a male's chorus tenure, and, as a consequence, his mating success.
METHODS
The study was conducted in Durban, Natal, over a period of ca. ¢ve months from 21 October 1995 to 5 April 1996. A natural population consisting of 45 H. marmoratus males was monitored for a period of 167 consecutive nights. The breeding site was two man-made ponds located approximately 5 m from one another. The ponds measured 3 m Â1m and 1m Â1m, respectively. The nearest other site known to support H. marmoratus choruses was located about 5 km away from the study site. Regular surveys of males present at this site indicated that there was little or no movement of males between sites.
On every night during the study period, both ponds and the surrounding vegetation were systematically searched for males and amplexing pairs. Individual males were identi¢ed using dorsal colour patterns. Once located, the male was captured and then photographed using a Polaroid camera. This photograph was used to identify the male on any subsequent nights that he appeared at the breeding site. At the time of initial capture the snout-vent length (SVL) of each male was measured to the nearest 0.1mm using vernier callipers. In addition, each male was weighed to the nearest 0.1g using a Sartorius 1200 balance. After capture and processing, males were returned to their original point of capture and after a few minutes they began calling again. Any amplexing pairs were captured and the successful male identi¢ed. The pair was then returned to the breeding site.
For each male, a condition index was calculated as the residuals of a linear regression of the cube root of body mass on SVL. The residual values were then divided by the SVL, to provide an index of weight condition relative to this length.
Non-parametric analyses were conducted on data that could not be normalized. Where normality was indicated, parametric tests were used. A signi¢cance level of p50.05 was used in all tests. All tests were two-tailed.
RESULTS

(a) Chorus size and attendance
Males attended the breeding site on 128 nights over the season, which lasted a total of 167 nights. There was a signi¢cant negative correlation between male condition index and the date of ¢rst attendance at the breeding site: as the season progressed, males joining the chorus for the ¢rst time on a given night had a lower condition index than those who ¢rst attended toward the beginning of the season (¢gure 1; r s 70.42, p 0.01, n 45). Median chorus tenure was ¢ve nights (range 1^86). 
(c) Factors in£uencing male mating success
The most important factor in£uencing male mating success was the number of nights males spent at the breeding site (¢gure 3; r s 0.78, p50.001). Males that attended the chorus on more nights during the season mated more often (Kruskal^Wallis ANOVA: 1 2 27.2, d.f. 8, p 0.001). In addition, males that mated on a given night (night N) had a higher probability of mating on the following night (night N+1) than males that had called but not mated on night N. There were 446 occasions on which males were present for two or more nights in succession. Males mated on the ¢rst of these nights (night N) on 64 (14%) occasions and called on 382 (86%) occasions. On the following night (night N+1), 18 (28%) of the males that mated on the ¢rst night mated again and 46 (72%) called. In contrast, of the 382 instances where males called but did not mate on the ¢rst night, 327 (86%) called on the second night whereas only 55 (14%) mated. A 1 2 comparison of the frequencies on which these proportions are based revealed a signi¢cant di¡erence between them (1 2 7.5, p 0.01) (¢gure 4).
This result suggests that once a male has mated, his probability of mating again on the following night is twice that of his original chance of mating (0.14) and also twice that of a frog that fails to mate. Furthermore, mated males were found to have signi¢cantly longer attendance bouts (number of consecutive nights calling) than unmated males (Mann^Whitney U-test: Z 3.9, p50.001) and were present at the breeding site for signi¢-cantly more bouts of consecutive nights of calling (Mann^Whitney U-test: Z 4.28, p50.001). Other factors that could potentially in£uence male mating success were also investigated: male size had a weak e¡ect on mating success when data from all nights were pooled (Mann^Whitney U-test: Z 2.44, p 0.014). However, analysis by night revealed no di¡erence in the mean size of mated and unmated individuals on nights on which three or more matings occurred (N 11 nights; MannŴ hitney U-test: all p40.05). Male condition at the start of the breeding season had no signi¢cant in£uence on mating success (r s 70.19, p 0.20). In addition, there was no correlation between male mating success and a male's average nightly probability of mating (number of females ready to mate on any one night divided by the number of males ready to mate; r s 0.13, p 0.61). Therefore, males that attended the chorus on nights where the operational sex ratio was biased towards females did not necessarily mate more often.
DISCUSSION
We have shown that individual mating success across an entire breeding season for H. marmoratus males was highly variable, and that this variation could not be related either to male size or male condition at the beginning of the season. Instead, we found that chorus tenure duration had the most signi¢cant in£uence on mating success. Moreover, we were able to show that the act of mating itself led to an increased probability of further mating success and was also associated with longer attendance bouts at the chorus and more bouts of calling activity.
One possible explanation for these results is that mated males have a higher probability of mating again on the next night because they are`better' males and are therefore preferred by females. However, the fact that male condition at the start of the season and male size had little in£uence on individual mating success over the season does not support this argument. Instead, we suggest that, irrespective of their initial condition on arrival at the breeding site, some males mate and by doing so increase their probability of mating again. By mating, males are able to conserve energy and maintain condition over the season relative to non-mated males and this enables them to attend the breeding site on more nights and to call more energetically (for example, maintaining a high calling rate) when they are present. Two sets of data support this hypothesis. First, Grafe (1996) has shown that calling e¡ort and the cost per minute of calling for H. marmoratus males is higher than in other similar-sized frogs by a factor of about two. Second, data from a study by Passmore et al. (1992) showed that in H. marmoratus, males that failed to mate on any one night called for an average of 2.5 h per night (range: 80 min^4 h) and produced an average of 6110 calls (range: 1852^11281). In contrast, males that mated called for a maximum of 80 min before mating and produced an average of 2137 calls (range: 9^7286), resulting in far less energy expended per night than unmated males. The results of the present study also indicate that the vast majority of matings occurred within the ¢rst 1.5 h of a typical 4-h period of chorusing activity. Mated males in our study population therefore call for up to 2.5 h less than unmated individuals on any one night and should bene¢t from a substantial energetic saving.
We suggest that the energetic saving that males gain on a night when they mate successfully has a feed-forward e¡ect on their subsequent probability of mating, and that this provides the mechanism for the association between chorus tenure length and mating success. By mating, males are able to attend the chorus more often and/or call more energetically, and therefore they mate more often. As suggested in ½ 1, a male's ability to attend a chorus for any length of time thus depends on a dynamic interaction between male condition over time and stochastic environmental in£uences.
One question that our data cannot answer at present, however, is what determines the initial success of a male in the chorus. As previously mentioned, it is possible that a male's initial success at mating is related to some aspect of quality (most likely call rate, see Passmore et al. (1992) ), and that this e¡ect is then ampli¢ed by the energetic savings accruing to a successful male. However, it may also be the case that, on any given night, the mating success of males is determined largely by chance factors. It may therefore be the case that males mate because they are in the right place at the right time, rather than because they are of higher quality. Males who`get lucky' in this way will then go on to achieve high mating success regardless of their initial quality relative to others in the population, owing to the positive e¡ect of mating on the subsequent probability of mating.
This brings us to our ¢nal, and highly speculative, point. We suggest that the feed-forward e¡ect of mating may explain the large skew in mating success towards a few individuals in the chorus (a feature characteristic of most prolonged breeding anurans and of lek breeding species in general). If this is the case, and the initial mating probability of males of a given quality depends to a large extent on chance factors, then this would provide a resolution of the lek paradox: the element of stochasticity involved in setting males o¡ on a high mating success trajectory would ensure that genetic variation was maintained within and across seasons despite overall directional selection for good genes (see Focardi & Tinelli 1996) . Males that mated on the ¢rst of two consecutive nights had a higher probability of mating on their subsequent appearance at the breeding site than expected (0.28), compared with (b) males that called but did not mate on the ¢rst of two consecutive nights (0.14). O observed, E expected.
